THE hypothalamus can influence water metabolism in several ways: by influencing sweating, vascular tone, respiration and by other means. Only the control exerted through the mediation of the pituitary gland will be considered. The terminology for the various divisions of the pituitary gland has been standardized by the "Association for Research in Nervous and Mental Diseases", and the nomenclature they suggested is given below and will be adopted here (see also fig . 1). rPars distalis (anterior lobe) Adenohypophysis-Lobus glandularisQ Pars tuberalis LPars intermedia posterior Neurohypophysis-Lobus nervosus-Infundibular process J lobe (neural lobe) Infundibulum fInfundibular stem Neural stalk together with (neural stalk) Median eminence of sheath of portions of tuber cinereum lobus glandularis designated as hypophysial stalk P V/ N. FIG. 1.-Diagram of a sagittal section through the hypothalamus and pituitary gland to illustrate 5.0. N. the terminology used, and the nerve supply of the gland. The three parts of the neurohypophysis include the bulbous median eminence (M.E.), the TH. constricted infundibular stem (I.S.) and the 0. T.~v PT. swollen infundibular process (I.P.). The adeno-\\E. hypophysis also consists of three divisions, the \ 1 /I-S. pars distalis (P.D.), the pars intermedia (P.I.) and I the pars tuberalis (P.T.). It is established that the /M k \neurohypophysis is innervated by the supraoptic PT. nucleus (S.O.N.) situated above the commence-/ > ,!mentof the optic tract (O.T.), and the para-P -1 ventricular nucleus (P.V.N.) which is in intimate relationship with the third ventricle (III.V.). Other fibres constituting the tuberohypophysial P. D.tract (T.H.) also run to the hypophysis, but their origin is unknown.
divisions of the pituitary gland has been standardized by the "Association for Research in Nervous and Mental Diseases", and the nomenclature they suggested is given below and will be adopted here (see also fig. 1 Anatomical connections between the hypothalamus and hypophysis.-There are two anatomical links between the hypothalamus and hypophysis; first a prominent nervous pathway, the hypothalamo-hypophysial tract, which ends mainly in the neurohypophysis, and secondly a vascular connexion, the hypophysial portal vessels, which connect with the adenohypophysis.
Ocr.-ENDOCRIN. 1.
The hypothalamo-hypophysial tract starts in various hypothalamic nuclei. The origin of fibres in the supraoptic and paraventricular nuclei is established, but which of the other hypothalamic nuclei contribute fibres to the tract is doubtful though the anterior hypothalamic, ventromedial hypothalamic and more caudal nuclei have been suggested. The similar connexion of the supraoptic and paraventricular nuclei is of interest in view of their common phylogenetic origin and cytological and vascular architecture. The normal appearance of cells in these nuclei is similar to that of cells in other parts of the nervous system undergoing chromatolysis, that is, they have a peripheral distribution of Nissl substance, a clear perinuclear zone and an eccentric nucleus. Also both nuclei are exceedingly vascular. The number of cells in each supraoptic nucleus has been estimated at 7,000 (rat) and 60,000 (man), and the number of fibres in the supraoptico-hypophysial tract at 10,000 (rat) and 100,000 (man) (Rasmussen, 1940) . The great majority of fibres of the hypothalamo-hypophysial tract end in the three subdivisions of the neurohypophysis, only a very few passing forwards into the pars intermedia. The exact mode of termination is doubtful, though most workers agree that a large number of fibres terminate as perivascular endings especially in the region of the median eminence. It is not possible at the moment ta describe a secreto-motor ending for these fibres.
The hypophysial portal vessels were first described by Popa and Fielding (1930, 1933) , and later by Wislocki and King (1936) , and by Green and Harris (1947) . The anatomy of these structures is now fairly clear ( fig. 2 ). Small twigs of the internal carotid arteries supply a vascular plexus situated between the pars tuberalis and the median eminence, and from this plexus "vascular tufts" or "sinusoidal loops" penetrate the tissue of the median eminence. These loops are then in intimate contact with the wealth of nerve fibres in this situation. From these vessels the blood is drained into large portal trunks which pass to the pars distalis where they break up into the sinusoids of this part of the gland. Therefore at one end the wide trunks are continuous with the loops in the median eminence and at the other end with the sinusoids of the pars distalis, that is they are truly portal vessels. This system of vessels, with minor variations in pattern, has been found in all vertebrates so far examined from amphibians to man (Green, 1948a) . Even in the porpoise, where the infundibular process is separated from the pars distalis by a thick dural septum, a typical and well-marked portal system exists (Harris, 1947b) . The direction of blood-flow in these vessels has been the subject of much controversy, but has now been directly observed (under the microscope) in anesthetized frogs (Green, 1947) and rats (Green and Harris, 1948) as being from the median eminence to the pars distalis. The exact vascular pattern varies amongst different mammals and seems to depend largely on the length of the pituitary stalk, for in dogs (with a very short stalk) the intermediate trunks of the vessels are abbreviated and the terminal capillaries and sinusoids approximated, whereas in man (with a long stalk) the vessels are elongated and very easily observed. Since the pars tuberalis has no proven endocrine function and since it bears a constant relationship to the sinusoidal vessels which penetrate the median eminence it has been suggested (Harris, 1947c) The venous drainage of the pituitary gland is by wide short veins into the surrounding venous sinuses (V.). O.T., optic tract; III.V., third ventricle. significance of the pars tuberalis lies in the fact that it forms a bed for the vascular pathway between the hypothalamus and pars distalis. (It may be mentioned that the two lobes of the pituitary also receive a systemic arterial supply from the internal carotid artery directly, and that their venous drainage passes by short wide veins to the adjacent venous sinusessee fig. 2 .) The hypothalamus, neurohypophysis and water mnetabolism.-It has been known for many years that clinical diabetes insipidus may be controlled by the administration of posterior pituitary extract. Fisher, Ingram and Ranson (1938) have shown that the essential lesion in experimentally produced diabetes insipidus is one that interrupts bilaterally the supraoptico-hypophysial (S.O.H.) tracts. This is followed by atrophy of the neurohypophysis, failure in production of the antidiuretic hormone and diminished reabsorption of water by the tubules of the kidney. The converse experiment of stimulating theS.O.H. tracts with consequent liberation of the antidiuretic hormone and inhibition of a water diuresis requires a specialized technique for anesthesia itself inhibits a water diuresis.
In order to stimulate the hypothalamus and pituitary gland in the unanesthetized rabbit the remote control method has been used (Harris, 1947a) . A small (secondary) coil is buried beneath the scalp and from this coil an insulated electrode passes through a small trephine hole in the skull to the desired region. (Such preparations may remain in a satisfactory condition for several years.) Stimulation is produced by placing the animal's head in the electromagnetic field of an external (primary) coil, the desired voltage being induced through the healed skin. Spread of the stimulus is not more than 0-5 mm. for the fibres in the neural stalk. In order to study the effects of stimuli administered to various parts of the hypothalamus and pituitary gland on a water diuresis the routine procedure is as follows: Water is administered by stomach tube to a rabbit bearing an implanted coil, and the urine collected and measured every 15 minutes. When the urine flow has increased to 10 c.c./15 min. or more, the animal is stimulated, usually for a period of 1 minute. If the electrode tip is in, or in contact with, the S.O.H. tract in the median eminence, infundibular stem or infundibular process, a marked antidiuresis follows stimulation. The strength of the stimulus can be varied by varying the distance between the primary coil, held over the animal's head, and the implanted secondary coil. The amount of antidiuretic hormone liberated varies directly with the strength of the stimulus as shown by the extent and duration of the antidiuresis elicited. With strong stimuli the urine flow may be depressed to very low levels for several hours, though it rises eventually as the effect of the postpituitary secretion wears off and the high water load is excreted. All intermediate grades of response may be obtained at will by varying the strength of the stimulus. In any one animal the antidiuresis evoked by a given stimulus remains constant over a series of days or weeks. The antidiuretic response following stimulation of the S.O.H. tract is similar qualitatively and quantitatively to that following the intravenous injection of an appropriate dose of post-pituitary extract. Control experiments have shown that if the electrode is within 0 5 mm. of the S.O.H. tract but not in contact with it, stimulation elicits a lessened antidiuretic response, but if the electrode is farther from the tract than 0'5 mm. (either above, below or lateral) then the diuresis continues unabated in spite of stimulation. These, and other, facts show that the stimulus used is very localized, and that the response is due to liberation of the antidiuretic hormone from the neurohypophysis by stimulation of the S.0.H. tract.
It is impossible to measure directly the amount of antidiuretic hormone liberated from the neurohypophysis by maximal stimuli, for the antidiuresis so produced is outside the range which can be assayed with any degree of accuracy. It has been found, however, that small amounts of antidiuretic substance are excreted in the urine following stimulation of the S.O.H. tract (Harris, 1948a) . By comparing these amounts with those excreted after the intravenous injection of different doses of post-pituitary extract, and assuming that the secretion liberated from the neurohypophysis behaves in the same way in the blood stream as injected extract, the approximate figure has been obtained that stimulation of the S.O.H. tract for 1 minute liberates less than 50 mU. of antidiuretic hormone. This figure is in rough agreement with those obtained by entirely different methods, described below Post-pituitary extracts have many pharmacological activities and investigations have been made to see which of these activities follow stimulation of the S.O.H. tract. It has been found that such stimulation causes the secretion of substances which raise the relative (and sometimes absolute) chloride excretion in the urine, causes contraction of the cestrous or cestrogenized uterus, produces an increase in intestinal peristalsis, but has no effect on blood sugar and causes only slight rises in blood-pressure (Harris, 1947a (Harris, , 1948b .
It is well known that posterior pituitary extracts may be separated into two fractions, a pressor and an oxytocic fraction. In the rabbit the pressor substance is responsible for the rise in blood-pressure, the antidiuresis and chloruresis, the increase in intestinal peristalsis and the hyperglycaemia that follow injection of post-pituitary extracts, and the oxytocic substance for any uterine contraction which may follow such injection. In most whole extracts these activities are present in a constant proportion, that is, the ratio of oxytocic to pressor substance is constant. It seemed of interest then to see whether the secretion of the gland, elicited by stimulation of the S.O.H. tracts, had the same ratio of oxytocic to pressor activity as the extracts. This problem was investigated by the following methods.
(1) Simultaneous measurement of pressor (antidiuretic) and oxytocic activities. A weak stimulus was administered to the S.O.H. tract in a rabbit in which a uterine fistula had been prepared some time previously. The antidiuretic and oxytocic responses to this stimulus were measured and compared quantitatively with similar responses following intravenous injection of post-pituitary extract. Only one experiment was performed on any one day, but over a series of days a series of responses were obtained for comparison. It was found that stimulation caused a secretion which possessed less antidiuretic, in proportion to oxytocic activity, as compared with various post-pituitary extracts (Harris, 1947a) .
(2) Concurrent measurement of pressor and oxytocic activities. Stimulation of the S.O.H. tract for 1 minute. has been shown to produce an oxytocic effect equivalent to 200-500 mU. of whole posterior lobe extract. Similar stimulation of the same animals, on a different day, was found to produce an effect on intestinal peristalsis and on the blood-pressure less than that elicited by 100 mU. of posterior lobe extract. Thus similar stimuli cause the secretion of more oxytocic substance than pressor (Harris, 1948b) .
(3) The qualitative response of the uterus. The uterine movements of the conscious rabbit were recorded by means of a fistula through the abdominal wall. Intravenous injection of whole posterior lobe extract produces a marked uterine contraction (proportional to the oxytocic content of the extract) followed by an inhibitory phase (related to the pressor content). Thus the single uterine recording gives an approximate measure of both oxytocic and pressor activity of an extract or secretion. On this basis it has been shown that stimulation of the S.O.H. tract for 1 minute produces a secretion equivalent (in action on the uterus) to a mixture of, approximately, 250 mU. oxytocic substance and 50-100 mU. of pressor substance (Harris, 1948b) .
Thus all the evidence obtained from experiments on unanmsthetized rabbits indicates that the secretion of the gland contains less pressor activity, relative to oxytocic, than is present in various standard extracts. For this reason it has been suggested (Harris, 1948d) ". . . that in replacement therapy during labour the purified oxytocic fraction be used instead of whole posterior-lobe extracts. However, more direct evidence on the reactions of the human uterus in situ to such extracts is desirable".
The hypothalamus, adenohypophysis and water metabolism.-The von Hann-Richter hypothesis states that a maximum diabetes insipidus only occurs in the presence of some normally functioning anterior pituitary tissue. It would seem that there is normally a balance between the specific antidiuretic action of the neurohypophysis and a diuretic influence of the adenohypophysis. It is possible that the pars distalis stimulates water excretion by an action on general metabolism, or indirectly through the thyroid or adrenal cortex, or by some unknown means. The above hypothesis offers an explanation for the clinical cases where a progressive lesion destroys first the neurohypophysis with the onset of diabetes insipidus, whilst further increase in the lesion with destruction of the adenohypophysis leads to regression of the diabetes insipidus.
There is much evidence (Harris, 1948e ) that the secretion of the anterior lobe is under the control of the nervous system. As examples of such an influence may be quoted the cases of sexual precocity in young children associated with small localized hypothalamic tumours, the effect of light on the sexual rhythm of many mammals, the disturbances of the menstrual rhythm and lactation caused by emotional upsets, and the histological changes that are known to occur in the thyroid and adrenal cortex in association with changes in environmental temperature. All these reactions, and many others, are most easily explained on the assumption that the nervous system controls the output of the eutrophic pituitary hormones and thus indirectly the activity of the thyroid, adrenal cortex, gonads and breasts. It would appear teleologically probable then that the diuretic processes of the adenohypophysis are integrated with the antidiuretic processes of the neurohypophysis and the hypothalamus.
The question of nervous control of the anterior lobe of the pituitary (and so indirectly the thyroid, adrenal cortex and gonads) is one of the fundamental problems of endocrinology to-day. There is no sound evidence that this gland possesses a secreto-motor nerve supply. Three nervous pathways to the anterior pituitary have been described-hypothalamic via the pituitary stalk, sympathetic via the cervical sympathetic and carotid plexus, and a supply via the petrosal nerves. Each of these pathways, however, has been cut without 664 20f Section of Endocrinology abolishing the influence of the nervous system over the anterior pituitary. In keeping with these observations is the paucity of nerve fibres in this part of the gland.
There is, however, another anatomical pathway between the hypothalamus and anterior lobe of the pituitary gland, namely the hypophysial portal vessels described above. The hypothesis that the nervous system, and in particular the hypothalamus, controls the activity of the pars distalis (and so most of the other endocrine glands) through the mediation of the hypophysial portal vessels was suggested by Harris (1944) and restated with further anatomical data by Green and Harris (1947) . It is possible that hypothalamic nerve fibres, ending on the upper set of capillaries in the median eminence, liberate some chemo-transmitter into the portal vessels which is carried humorally to the anterior pituitary and there controls or modifies the activity of this gland. Since this mode of control would involve a nervous and vascular link, it has been referred to as "neurovascular" control of the anterior pituitary. Evidence in favour of this view may be summarized as follows:
(1) UJnder normal conditions ovulation in the rabbit only occurs ten hours after coitus.
This reaction has been analysed and found to involve reflex nervous stimulation of the anterior pituitary to liberate gonadotrophic hormone which acts on the ovaries to produce follicular rupture. The pituitary secretion occupies the first hour following coitus, but since the nervous stimulus of mating takes only a few minutes, it may be that one phase in the reaction is a slow humoral excitation of the anterior pituitary.
(2) It has been shown that electrical stimulation of the tuber cinereum in the unanesthetized rabbit, for as short a period as 3 minutes, may be followed by a full ovulatory response (Harris, 1948c) . Direct stimulation of the pars distalis, pars intermedia or infundibular stem for periods up to 71 hours was not followed by ovulation. If the anterior pituitary is under humoral control via the portal vessels, and is devoid of a secretomotor nerve supply, it is possibly not excitable by electrical stimulation applied directly to the gland.
(3) Very varied results have been obtained by different workers after sectioning the pituitary stalk. The discordant nature of these results may be due to varying degrees of regeneration of the portal vessels. Such regeneration does occur in the rat (Harris, 1948f) . Work in progress indicates that if this regeneration is prevented from occurring female rats enter into permanent ancestrum, which suggests cessation of pituitary gonadotrophic function.
(4) Dempsey (1939), Dey (1943) and Leininger and Ranson (1943) found that a greater disturbance of the cestrous cycle of guinea-pigs followed a lesion in the median eminence than after section of the pituitary stalk. A possible explanation is that the former lesion produces a complete irreparable denervation of the portal vessels, whilst the stalk section allows the possibility of vascular repair.
There is as yet little convincing evidence regarding the mechanism by which the portal vessels may regulate the activity of the adenohypophysis. Dr. J. D. Green has made the suggestion (private communication) that the influence of these vessels may be exerted by a simple vasodilatation or vasoconstriction, thus increasing or decreasing the total blood supply of the anterior pituitary gland. Regarding the possibility of a specific chemotransmitter passing via the portal vessels from the median eminence to the pars distalis, two suggestions have been put forward. Taubenhaus and Soskin (1941) suggested a cholinergic transmission, as they obtained a pseudopregnancy response in rats in which a prostigmineacetylcholine mixture had been directly applied to the rats' pituitary glands. Markee, Sawyer and Hollinshead (1947) obtained ovulation in rabbits after injecting dilute adrenaline directly into their pituitary glands and also showed that dibenamine (a sympatholytic drug) was effective in blocking ovulation following coitus in the rabbit . They suggested, therefore, that the anterior pituitary is stimulated by an adrenaline-like substance which is humorally conducted to the gland.
Clinical observations correlated with post-mortem examination of the hypophysial vessels in patients with lesions involving these structures would be of great value. For example, it would be of interest to know the state of the portal vessels in a case such as that of Dandy's (1940) in which the pituitary stalk of a young woman was sectioned. This patient subsequently showed a mild diabetes insipidus together with normal menstrual cycles, pregnancy and lactation. The diabetes insipidus was doubtless due to atrophy of the neurohypophysis, but it is important to know whether, in such cases, the normally functioning anterior pituitary gland can be correlated with regeneration of the portal vessels. For a description of the hypophysial stalk in man, see Green (1948b) .
In summary then it may be stated that the hypothalamus controls the neurohypophysis by means of the supraoptico-hypophysial tract, and that stimulation of this tract results in release of the antidiuretic hormone and inhibition of a water diuresis. As a working hypothesis it is suggested that the hypothalamus controls the adenohypophysis, and so various diuretic processes, by neuro-vascular transmission of stimuli through the hypophysial portal vessels.
